The objective of this research was to prepared acyclovir cocrystals with succinic acid as coformer using three different solvents (ethanol, acetic acid glacial, and 0.1N HCl) to influence the characters and improve the dissolution rate of acyclovir. Cocrystallization of acyclovir with succinic acid as coformer was successfully prepared by solvent evaporation technique using three different solvents (ethanol, acetic acid glacial, and 0.1N HCl). The screening indicated that acyclovir formed novel cocrystals with succinic acid in the three different solvents. PXRD The physical properties was different from the three cocrystals. Dissolution rate of acyclovir cocrystals using ethanol and acetic acid glacial solvents was increase, whereas using 0.1N HCl was decrease rather than pure acyclovir.
INTRODUCTION
Acyclovir is of important antiviral utilized for herpes simplex and varicellar remediation due to its high selectivity and low cytotoxicity. 1 However, the main drawback of using acyclovir stems from its physical properties, i.e. low solubility in water and low permeability. Hence, it is classified into class IV according Biopharmaceutics Classification System (BCS) 2 . Solubility of acyclovir in water has been found 1.62 mg·ml -1 . Since its solubility is lower than 5 mg·ml -1 , it could affect the bioavailability 3 , which is spanning 15 -20% with a half time of 3h 1 . On account of improving solubility properties and bioavailability of drugs, cocrystallization technique has been intensively proposed 4 . In principle, cocrystallization is an interaction between the drug and the conformer excipient. This crystallization technique enable modification of physicochemical properties of active pharmaceutical ingredients (API) toward a stable intrinsic molecular activities of the drug 5 . In this study, made an acyclovir cocrystal with succinic acid coformer, cause succinic acid is coformer for forming cocrystal with GRAS (Generally Recognized As Safe) status 6 . Succinic acid as coformer cocrystal has been investigated through the establishment of fluoxetine HClsuccinic acid cocrystal. The cocrystal showed increased solubility two times greater than the active ingredient normally 7 . Solvents that used in this study are three kinds, that is ethanol, 0.1N HCl and acetic acid glacial. Cocrystal component characterization techniques used was by Powder X-Ray Diffraction (PXRD) to determine it has produced cocrystal. Other characterization techniques are Differential Scanning Calorimetry (DSC), Fourier Transform Infrared Spectroscopy (FTIR) and microscopy analysis by Scanning Electron Microscopy (SEM) 8 . In addition to the characterization tests, dissolution test is also conducted in the media of pH 6.8 phosphate buffer maintained constant media temperature 37 ± 0.5 ° C. 
MATERIALS AND METHODS

Materials
Formation of Binary Systems Phase Diagram
Acyclovir and succinic acid sifted to have a particle size range equal then weighed and prepared physical mixture with a ratio w/w (1:9), (2:8), (3:7), (4:6), (5:5), (6:4), (7:3), (8:2), (9:1). The melting point of the physical mixture of acyclovir-succinic acid was determined by DSC thermal analysis. Cocrystallization Process Prepared with Solvent Evaporation Method. 22.52 mg acyclovir and 11.81 mg succinic acid (ratio 1 : 1 molar) was dissolved in each solvent separately. Then two Samples in powder form mixed with KBr crystals in the ratio sample:KBr (1:100) and ground until homogeneous then compressed at 20 Psi using a KBr plate felts. The spectra were measured using FTIR spectroscopy Jasco -4200. Then the disc is placed in the sample holder is then recorded. Samples were observed in the absorption band or wavenumber 4000 -450 cm -1 .
Crystals Morphology (SEM)
Sample powder is placed on the sample holder aluminum and coated with gold to a thickness of 10 nm. Samples were observed on a variety of SEM magnification tool with a working voltage is set 20 kV and 12 mA current. Measurements were made in 2500x and 5000x magnification.
Dissolution Test
The dissolution test performed in phosphate buffer pH 6.8 media with paddle method rotated at 50 rpm and media temperature kept to 37 ± 0.5°C. 100 mg of material was weighed and put in a dissolution vessel with 900 mL of phosphate buffer. Dissolved substance is determined every 5, 10, 15, 20, 30 and 45 minutes by sampling dissolved respectively of 5 mL and then filtered with filter paper size of 0.45 μm and was soon replaced with a volume and shape similar media.
RESULT AND DISCUSSION
Examination Phase Binary System with DSC Establishment of the binary system phase diagram of acyclovir and succinic acid components by analyzing using thermal analysis DSC from acyclovir, succinic acid and physical mixture of both components with a ratio w/w, (9:1), (8:2), (7:3), (6:4), (5:5), (4:6), (3:7), (2:8), (1:9). DSC thermogram analysis results shown in Figure 1 .
Results from binary phase diagram shows that the molar ratio of the acyclovir-succinic acid (1:1) can be generated cocrystal with the melting point of about 168,62-173,58 o C (Figure 2) . Furthermore, the manufacturing process acyclovir cocrystal with succinic acid coformer in this study will be conducted at a molar ratio of 1:1.
Crystal Lattice Analysis With PXRD
Cocrystal first evaluation conducted in this study is the characterization tests for cocrystal component include Powder X-Ray Diffraction (PXRD) tests to determine it has produced cocrystal. In figure 3 , the PXRD diffractogram illustrates characteristic diffraction peaks of the formation of three types of cocrystal compared with pure acyclovir, pure succinic acid and physical mixtures. In cocrystal with ethanol to form three new peak with great intensity and seen that the angle 2θ 5.9134 o (int = 79.35%); 9.1645 o (int = 16.81%) and 13.4044 o (int = 13.99%). Whereas for cocrystal with acetic acid glacial solvent to form a new peak at an angle 2θ 5.9263 o (int = 10:18%) and to cocrystal with 0.1N HCl solvent to form a new peak with the angle 2θ 9.6011 o (int = 28.26%).
DSC Thermal Analysis
Thermal analysis did by DSC related to influence the formation of cocrystal to the melting point of a substance. DSC analysis results in Figure 4 , stating that the melting point of the formation of cocrystal acyclovir-succinic acid with ethanol is at a temperature 175. 
FTIR Spectrum Analysis
In the FTIR spectrum, acyclovir-succinic acid cocrystal indicated a characteristics peak shift of the materials used. This analysis is done by an infrared spectrophotometer at the wavenumber range 4000-450 cm -1 which are illustrated in Figure 5 . The shift of functional groups wavenumber value on the infrared spectra showed the formation of interaction the drug with coformer to form cocrystal 4 . In this study, it can be shown eg group N-H amide / amine on aciclovir had a wavenumber of 3440 cm -1 but at cocrystal with ethanol and acetic acid glacial to shift more into 3442 cm -1 . Similarly with other functional groups which nearly all shifted when compared to the acyclovir. Increased of wavenumber in N-H group of acyclovir into acyclovir-succinic acid cocrystal with ethanol and acetic acid glacial stated that the primary amine group of acyclovir weak hydrogen bonds with succinic acid 4 .
Microphoto SEM Analysis
Based on the results of the SEM photomicrograph indicated that there is a change of any material and solids that formed. Significant changes observed in the form of cocrystal with ethanol. In the figure 6.A / 7.A shows the appearance of acyclovir powder with a beam shape and size are irregular. Particle beam acyclovir as covered by submicron particles smaller. Succinic acid coformer looks like aggregate beam fractions greater than acyclovir and finer (figure 6.b / 7.b).
Dissolution Test Profil
After the characterization test, dissolution test performed in phosphate buffer pH 6.8 on acyclovir, physical mixture of acyclovir-succinic acid and three kinds cocrystal with ethanol, acetic acid glacial and 0.1N HCl and the results stated that a significant increase. This can be seen in Figure  8 . In the first 10 minutes of acyclovir dissolution rate stood at 75.78% concentration dissolved. Physical mixture of 
CONCLUSION
Based on the results of this research note that acyclovir with coformer succinic acid using solvent evaporation method from three kinds of solvents, namely ethanol, acetic acid glacial and 0.1 N HCl is capable of forming cocrystal with the characteristics and dissolution rate are different. Overall manufacture cocrystal with ethanol has a characterization results that support the results of dissolution increased from PXRD, DSC, FTIR and SEM. Similarly, the acetic acid glacial solvent cocrystal that the characterization results in line with the increasing rate of dissolution of acyclovir dissolved. Whereas for the evaporation of the solvent with 0.1N HCl decide that the characterization is not supported by the results of dissolution test. This can be due to the formation of a new crystal lattice of cocrystal 0.1N HCl has characteristics that decrease the rate of dissolution. The process of dissolution test cocrystal acyclovir-succinic acid was conducted for 45 minutes. In terms of security, then cocrystal with ethanol and acetic acid glacial is the most secure because they are classified in class 3 solvents that have a low toxicity effect 9 . In terms of yield cocrystal, then ethanol cocrystal has the greatest yield in accordance with the maximum intensity of diffraction peaks which can be given.
